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Rapid industrial development in Latin
America and the Caribbean (LAC) has
caused the bioaccumulation of some poten-
tially toxic substances, including lead.
Several studies have shown that increased
blood lead levels may cause behavioral
problems or a decrease in the intelligence
quotient. In adults, lead exposure may pro-
duce hypertension, among other health
problems (1-3).

The main producers of lead in the world
are, in decreasing order, Australia, the United
States, China, Canada, Kazakhstan, Peru,
Mexico, Sweden, the Republic of South
Africa, North Korea, and Russia (4). LAC,
where Peru and Mexico are the biggest pro-
ducers, contributes 14% of the world's lead
(5). Lead, in its different forms and com-
pounds, is used in many industrial activities.
Precise estimates of the number and types of
uses of lead in LAC are not available.
However, lead is widely used in batteries,
paint, and varnishes, as an anti-knock com-
pound in gasoline, as a cable and pipe cover-
ing, and in welding and printing (5-).

Materials and Methods
To obtain an estimate of the magnitude of
lead exposure in LAC, we conducted a sur-
vey through the offices of the Pan American
Health Organization (PAHO) in each coun-
try. Questionnaires were completed by
PAHO environmental engineers using avail-
able information from governmental and
institutional reports. The survey covered the
following topics: 1) lead production, export,

and import (in tons per year); 2) industrial
uses of lead; 3) vehicular and industrial lead
emissions into air; 4) other major sources of
lead exposure (water, paint, food); 5) stud-
ies on lead content in environmental sam-
ples; 6) information on results of blood lead
concentrations; and 7) data on rules and
regulations to control lead pollution. In
addition, we reviewed the literature, gov-
ernment reports, and other unpublished
documents and collected information from
these sources.

The overall response rate to the survey
was 64.3%, or 18 of the 28 countries we
contacted. However, while Latin American
countries had a response rate of 88.8%, the
Caribbean countries had a response rate of
only 20%. The countries that replied to the
survey were Argentina, Belize, Bolivia,
Brazil, Chile, Colombia, Costa Rica, the
Dominican Republic, El Salvador,
Guatemala, Honduras, Mexico, Nicaragua,
Panama, Surinam, Trinidad and Tobago,
Uruguay, and Venezuela. Data for Cuba,
Ecuador, Jamaica, and Peru were obtained
through a review of the literature.

Results
Leadproducpion Figure 1 shows the princi-
pal mines and foundries in the Americas.
The most prominent mines in Latin
America are found in Peru, Mexico, and
Argentina. Primary foundries are located in
Peru, Mexico, Brazil, Argentina, and
Nicaragua; secondary foundries are located
in Mexico, Brazil, Colombia, Venezuela, and

Trinidad and Tobago (9). Several countries
of LAC, although not among the main lead
producers, either produce or import lead for
industrial use. These countries include Brazil,
Colombia, Bolivia, Venezuela, Ecuador,
Honduras, Jamaica, Uruguay, Trinidad and
Tobago, Cuba, and the Dominican Republic
(Table 1) (1J-14.

Lead in gasoline and other industril uses.
In spite of insufficient data on the main
industrial uses of lead in LAC, available infor-
mation suggests that one of the most impor-
tant applications of lead is as an anti-knock
compound in gasoline (tetraethyl lead).
Brazil, Guatemala, and Mexico are the only
countries in the region that removed most
lead from gasoline. Given that 75% of the
population in LAC is urban, the public health
impact of leaded gasoline is of major impor-
tance. Table 2 shows that, over a period of 14
years, lead in gasoline decreased in Bolivia,
Brazil, Chile, Mexico, Guatemala, and
Venezuela. In 1994, lead concentrations in
gasoline ranged from 1.32 g/l in Surinam to
0.03 g/l in Uruguay. Based on the survey,
46% of the countries have introduced unlead-
ed gasoline. The majority of these countries
are in Latin America-Argentina, Bolivia,
Brazil, Chile, Colombia, El Salvador, Mexico,
Peru, Costa Rica, Guatemala, and Uruguay.
The countries of Central America are imple-
menting a gasoline lead control program, and
unleaded gasoline is partially used in the two
Caribbean countries that answered our survey
(the Dominican Republic and Trinidad and
Tobago). Eight out of 10 countries did not
provide information.

The number of automobiles that use
unleaded gasoline may be a good indicator of
the success of the countries' programs to con-
trol air pollution from lead. According to the
survey, Brazil, Guatemala, and Mexico are the
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countries using the highest proportion of
unleaded gasoline (100, 80, and 46%,
respectively). The Dominican Republic,
Bolivia, Chile, Colombia, and Argentina fol-
low with 29, 25, 13, 10, and 6% use, respec-
tively. In Peru, the use of unleaded gasoline is
minimal (0.2%). El Salvador, Costa Rica,
and Honduras did not provide information
about the amount of unleaded gasoline used
by cars. In most of the previously mentioned
countries, regulations have been introduced
to control airbome lead levels. However, data
reported in the survey (Table 3) suggest that
lead concentrations in air have not been rou-
tinely monitored except in Brazil, Mexico,
Peru, and Venezuela.

Although vehicular lead emissions are
considered by 78% of the countries to be a
potential health risk, other sources of lead
exposure beside vehicular emissions must be
considered. While 61% of the countries sur-
veyed consider lead emitted into the air by
fixed sources such as foundries, petrochemi-
cal products, and mines to be an important
health hazard, 67% consider lead-based
paint to also be a significant source of lead
exposure. Battery recycling is also considered
a health hazard. For 50% of the countries-
countries like Mexico, Peru, Ecuador, and
Honduras, where lead-containing varnishes
are used as a glaze for ceramics used in food
preparation-contamination of food also
constitutes a source of exposure. Finally, for
22% of the countries, water pollution may
be considered a problem (Fig. 2).

Lead in environmental samples. Data on
lead content in environmental samples
(Table 4) have been analyzed in the countries
Argentina, Bolivia, Brazil, Chile, Colombia,
the Dominican Republic, El Salvador,
Guatemala, Honduras, Mexico, Peru,
Trinidad and Tobago, Uruguay, and
Venezuela. Analyses were performed in air,
sediment, dust, food (fish, shellfish, and veg-
etables), and water samples (13-21). Some
samples contained lead levels that exceeded
international standards (22-26). However,
the lack of laboratory certification for many
of these analyses compromises the validity of
the data. Research carried out in Mexico
with environmental samples from 200 ran-
domly chosen households in Mexico City
revealed that samples that frequently exceed-
ed standards for lead content were lead-
glazed ceramics, street dust, and, to a lesser
extent, paint. The analysis did not show sig-
nificant lead concentrations in house dust or
residential soil samples (16).

Blood lead levels in the generalpopula-
tion and in occupationally eposedpopula-
tons. Several countries have monitored lead
in the general population, both in children
and adults (27-35). Table 5 presents some
of the samples studied, sorted by the sub-

jects' residence and age. In general, blood
lead concentrations are higher for people
who live near fixed sources of lead emis-
sions. In children, average blood lead con-
centrations varied from 11.5 jig/dl [stan-
dard deviation (SD) = 3.7] to
39.0 pg/dl (SD = 5.0).
The proportion of chil-
dren with blood lead
concentrations l
higher than 10
pig/dl varied from
45 to 100%. It also
is worth mentioning
that potential expo-
sure to wastes from
battery recyding is
very high in
some popula- Noth PacificOcean _ _l
tions. Recently
(1991), an out-
break of lead poison-
ing occurred in Trinidad
and Tobago in a locality
where the soil was cont-
aminated by wastes
from battery recycling.
Blood lead concen- N Maxic
trations in children
living in this area var-
ied between 17 and 235 pg/dl, with
an average of 72.1 ,ug/dl (I. Chang-Yen,
personal communication).

In urban populations, the average blood
lead level ranged between 3.4 psg/dl (SD =
1.6) in Trinidad and Tobago and 28.8 pg/dl
in Ecuador. The proportion ofchildren with
blood lead concentrations above 10 jg/dI
varied from 0 to 100%. For adults, concen-
trations were similar, although generally
slightly higher. In Mexico, unleaded gaso-
line was introduced in 1991, and a signifi-
cant decrease in blood lead concentrations
has been observed in the population of
Mexico City. Today, the proporton of chil-
dren estimated to have blood lead concen-
trations exceeding 10 pg/dl ranges between
30 and 50% (36). In adults, this proportion
is somnewhat higher. The use of lead-glazed
ceramics by some groups to cook and store
food may partially explain this observation.

For people occupationally exposed to
lead, blood levels were higher-between
21.4 and 48.8 pg/dl and within a range of
41-104 pg/dl (37-40). However, data are
insufficient to determine the magnitude of
lead poisoning in this population.

Legislation and control measures.
Finally, it is important to determine the
government's perspective on the problem
of lead exposure and to know if a given
country is taking action to prevent or con-
trol such exposure. In 72% of the countries
that answered the survey, government rep-
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Figure 1. Geographic distribution of major lead
mines and smelters across the Americas. From
Rapine and Florin (9); reprinted with permission.

resentatives identified lead as a public
health problem. In 50%, existing legisla-
tion regulates lead contents in various envi-
ronments, but enforcement of regulation is
low, only 28%. In 44% of the countries,
legal instruments exist to control lead expo-
sure, and in 50% of the countries, some
control measures have been applied.

Discussion
The information in this survey must be
interpreted with some caution because of
the lack of complete data from many coun-
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Table 1. Production, export, and import of load in several countries of Latin America, the Caribbean, the United States, and Canada (thousands of tons per year)

Country 1984 1385 1987 1988 1992 1993 19 195 N
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Table 2. Lead content in gasoine (g/liter) in Latin American and Caribbean countries

Leaded Unleaded
Country 1980 1985 1990 1994 1980 1985 1990 1994
Argentina 0.20 0.20 0.20 0.20 0.001 0.001 0.001 0.001
Bolivia
Santa Cruz 0.10 0.08 0 0 NS NS UN UN
Cochabamba 0.10 0.08 0.06 0.04 NS NS UN UN
La Paz 0.10 0.08 0.06 0.04 NS NS UN UN
Brazil
Sao Paulo 0.08 0.08 0 0 NU NU 0 0
Osasco 0.08 0.08 0 0 NU NU 0 0
Sao Caetano do Sul 0.08 0.08 0 0 NU NU 0 0
Chile NS NS 0.80 0.34 NS NS 0.01 0.01
Colombia 0.05-0.29 NS NS NS NS NS NS UN
Dominican Republic 0.37 NS 0.53 0.52 NS NS NS UN
El Salvador NS NS 0.13-0.24 0.13-0.24 NS NS NS UN
Guatemala 0.22 0.22 0.22 NU NS NS NS 0.0008
Mexico 0.92 0.13-0.26 0.20 0.05 0.003 0.003 0.003 0.003
Nicaragua NS NS NS 0.79 NU NU NU NU
Panama 1.00 1.00 1.00 1.00 NU NU NU NU
Peru, October 1984 0.06 0.06 0.06 0.06 NS NS NS UN

October 1995 0.14 0.14 0.14 0.14
Surinam NS NS NS 1.32 NU NU NU NU
Trinidad and Tobago NS NS NS 0.55 NS NS NS NS
Uruguay NS NS NS 85 Special: 0.09 NS NS NS UN

95 Supra: 0.03
Venezuela
Caracas (El Silencio) 0.22a 0.16d 0.14 0.12 NS NS NS NS
Maracaibo (Los Hatillos) 0.23 0.23b 0.16e 0.14 NS NS NS NS
Puerto La Cruz 0.24c 0.24d 0.24 0.18 NS NS NS NS

Abbreviations: NS, not specified; UN, unleaded gasolin
a1982.
b1985-
c1986.
d 1 988.
el 992.

tries. In addition, there are few laboratories
in LAC certified for blood and environ-
mental lead measurements, which limits the
evaluation of lead exposure in the region
and the assessment of control programs.
Nevertheless, the results presented suggest
that lead poisoning is a significant problem
in this region. Most of the governments are
aware of this problem, but actions to con-
front it are limited. Based on this survey, 13
countries have at least begun to introduce
unleaded gasoline; however, the use of
unleaded gasoline is still very limited.

Lead poisoning is a preventable disease.
During the 1994 Summit of the Presidents
of the Americas, it was agreed that lead
should be phased out of gasoline as an
important step toward the prevention of
lead intoxication. The results of this survey
and literature search emphasize the need to
implement the agreement of the summit in
LAC. In most of the countries, some part of
the population presents average blood lead
concentrations that exceed the 10 ,ug/dl rec-
ommended by the Centers for Disease
Control and Prevention (2. It is also impor-
tant to note that toxic effects in children and
adults have been observed at even lower
concentrations (3). The population in LAC
is mainly urban-75% of all people in the

e is used but the contents are unknown; NU, not used.

Table 3. Monitoring of airborne lead (pg/m3) in Latin American countries

Country 1980 1985 1990 1994

Bolivia NS NS NS NS
Brazil Annual average
Sao Paulo 1.11 0.39 0.27 NS
Osasaco NS 0.16 0.18 NS
Sao Caetano do Sul 1.16 0.31 0.41 NS

Chile Annual average NS NS 1.1 NS
Colombia 3-month average (Bogota) NS NS 3.0 NS

Annual average (Medellin) 1.9 NS NS 0.27
Guatemala Annual average NS NS NS 0.17
Honduras 3-month average NS NS NS 1.83

Annual average NS NS NS 1.11
Mexico 3-month average NS 0.34-0.24c 1.08-1.47 0.24-0.37

Annual average NS 1.95c 1.23 0.28
Peru 3-month average 1.8 1.9 2.2 2.1

Annual average 1.7 1.5 1.6 1.7
Venezuela Annual average
Caracas (El Silencio) 4.5a 2.6c 1.9 1.6
Maracaibo (Los Hatillos) NS NS 1.2d 1.1
Puerto La Cruz 1.0b li.c 1.3 0.9

a1982.
b1 986.
C1988.
dN 992.
NS; not specified.

region live in urban zones, and this trend
toward urbanization will probably continue
into the future. This fact, coupled with the
observation that 30% of the population of
the region (over 110 million people) is
under 15 years of age, signifies that a large
proportion of the children in the region are
and will continue to be subject to high levels
of lead exposure from vehicular emissions.

Lead is still widely used as an anti-knock
compound in gasoline, and other sources of
lead exposure are also highly prevalent in the
region. The two largest countries in Latin
America, Brazil and Mexico, have imple-
mented the use of unleaded gasoline, with
an observed impact on environmental and
blood lead levels. Brazil began the National
Alcohol Program in 1975 to reduce its
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Figure 2. Major sources of lead exposure in Latin America and the Caribbean. Prevalence of specific
sources across the participating countries are presented (excluding Colombia and Costa Rica, for which
we did not obtain information).

dependence on oil (41). Since then, atmos-
pheric lead in urban areas decreased by
approximately 72-82%. For example, in a
zone located in Sao Paulo with high vehicu-
lar traffic density, the lead concentration
diminished from an annual average of 1.16
to 0.43 pg/m3 between 1978 and 1983. In
1990, Mexico introduced a program to min-
imize potential sources of lead exposure. In
the Mexico City metropolitan area, air has
been continuously monitored since 1986
and there has been a drastic reduction in the
air lead concentrations, from an annual
average of 1.95 pg/m3 in 1988 to 0.28
pg/m in 1994. Similarly, a reduction of
blood lead concentrations has been observed
in Mexico City residents (36,42-44). In
general, residents in areas of intense vehicu-
lar traffic have blood lead levels much higher
than populations exposed to less vehicular
traffic (45). Continued attention should
therefore be given to reducing the lead con-
tent of gasoline because this will markedly
reduce lead exposure for a significant pro-
portion of the LAC population.

In order to evaluate the impact of phas-
ing lead out of gasoline on the blood lead
levels in high risk populations (particularly
in children and women of reproductive
age), it would be useful to develop and
implement a standardized surveillance sys-
tem in different countries. In Mexico, such
a system has been established and the decre-
ment of blood lead levels in a randomly
selected sentinel population was observed in
relation to the decrement in atmospheric
lead as low-lead and unleaded gasoline was
introduced (36). The phasing out of lead
from gasoline has clearly shown a positive
benefit with respect to cost (46). A similar
evaluation conducted in Mexico has also
provided evidence of such economical bene-
fits (43). Although leaded gasoline is a
major source of lead exposure in many
countries, it is important to remember that

there are other important sources of expo-
sure, such as industrial use (including paint,
varnishes, and batteries) and contamination
of food and water. However, there are few
data on the effects of these other uses have
on population lead exposure. Broad-based
coalitions are needed between policy mak-
ers, industry, workers, unions, health care
providers, and the community in order to
implement actions to reduce environmental
and occupational lead exposure and to pre-
vent lead poisoning in all the countries of
the Americas (4?).
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Table 5. Blood lead levels in several population groups in Latin American and Caribbean Countries

Laboratory Laboratory Year of
Country Population Place Number Age (years) Average Range >10 pg/dl () method certificate std

Argentina Children Urban 229 6-12 18.4±8.6 NS NS MAS N 18
. - . R,~#N9~MtwL3 c;L.......

M2~~~~~~~~~~~~~~~~~~" r~ir'..~ar
Brazil AChildre Urban 199 1545 91.6±±4.6 2872 NS AA N 98

afl__ -~~~~~~~~~~~~,jif'~~~~~~r "- 1 4IOOIflirChie Cilren Uran 00 ~ mnth 5±17 05-8 ~ N M Y 99

Mexico ~~~~~~~~ ~ ~~~~~~~~~ChildrenUrban 200 4<5 906 ±.58 1-31. 27. MAS V 1995
. ..W * I t I 'LaI~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~N

UruguayChildren Urban 480 12-14th 953± 1-31 NS MS NS 19
ii a ' II~~~~~~~~~~~~~~~~~~~~~Jr~~~~~~if¶~~~~~~~&.4tri~~~~~~~~~~~~~~;aw~~~~~~~%r-~~~~~~~~~-~~~~WI~~~4

Trinidadand~~~~~~~~obago~~ Adls ran9 N 82.3 121.4 212M 198
-I"p~~~~~~~~~~~~~~~~~~~~~"' ~~~~~~~~~~~~' 'I'' 'a - ' - I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~M e~~~'I~~~r~fl" ~~~t~~r~i -~~~ A a aj~~~~ajtg&~~~1L ~~r a.. -~Y

Children Ubattrn eyln 20 3mNthwboers 12.1 20-235 100 Ms NS 199
Abbreviations NS not specifiedMS atomic absorption spectrophotometry; N, no; V. yes.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~!4
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